The relationship between hypersensitivity and cellular resistance to infection with facultative intracellular parasites was studied in mice by using infectionimmunity in tularemia as a model system. Delayed hypersensitivity to antigenic fractions of Francisella tularensis was first detected 6 to 7 days after immunization with viable F. tularensis vaccine, at which time immunity against challenge infection developed. Both immunity and delayed-type sensitivity reached maximal levels by 9 to 10 days. Immediate hypersensitivity occurred after immunization with both viable and nonviable tularemia vaccines but could not be correlated with resistance since nonviable antigens were not protective. Attempts to relate resistance to F. tularensis with nonspecific immunity factors were unsuccessful. Immunization of mice with BCG vaccine stimulated protection against infection with F. novicida and Salmonella typhimurium but provided no protection against infection with F. tularensis. Moreover, viable tularemia vaccine, while inducing marked protection against challenge with specific organisms, afforded no protection against infection with S. typhimurium or S. enteritidis. It is concluded that cellular immunity in tularemia involves an immunologically specific component.
Arguments for a concept of cellular immunity to infections with intracellular parasites are strengthened by observations of the concomitant occurrence of both resistance and delayed hypersensitivity. Mackaness observed a consistent association between the development of resistance and delayed hypersensitivity in listeriosis (15) and salmonellosis (9) . A correlation between resistance and delayed hypersensitivity has also been demonstrated in tuberculosis (27) and brucellosis (16) . In these infections, the time of development of delayed-type sensitivity coincides with the appearance of immune macrophages. Both these responses are passively transfered with spleen cells (9, 17) , and both are susceptible to the effects of mitomycin C and antilymphocyte serum (19) .
Although an association between the onset of resistance and delayed hypersensitivity is apparent and serves as an attractive hypothesis in explaining cellular immunity (10) , the existence of a direct relationship has not yet been adequately demonstrated. Much of the problem arises from attempts to determine whether immunity results from nonspecific or specific factors, or both. At least some of this difficulty can be ' Present address: Laboratory of Immunology, National Institute of Allergy and Infectious Diseases, Bethesda, Md. 20014. averted by studying host-parasite relationships in tularemia, since, as will be shown, virtually no nonspecific resistance occurs.
The causative agent, Francisella tularensis, is a facultative intracellular parasite of the reticuloendothelial system (RES). Resistance of mice -to infection with fully virulent strains of the organism depends upon immunization with viable vaccines (11, 12) , though some protection is afforded by an ether-extracted whole-cell vaccine (4, 14) . Passive transfer of specific immune serum does not protect mice against lethal challenge (2, 29) , and serum antibodies, though demonstrable (14, 29) , do not allow prediction of the immune state. A cellular immune mechanism residing in an activated macrophage population is generally considered to be the prime mediator of protection (13, 20, 28) .
The purpose of this paper is to examine the specificity of resistance to infections with F. tularensis and to attempt to correlate the development of resistance with both immediate and delayed hypersensitivity to cellular antigens of tularemia bacilli. Data are presented to show that resistance to tularemia is directly associated with the development of delayed hypersensitivity and that resistance develops only after specific immunization. Correlation between footpad reactivity and resistance. To determine the relation of footpad reactions to resistance, the experiment summarized in Table 3 All three experimental groups of mice developed significant (P < 0.001) immediate hypersensitivity reactions (4 hr) first detectable 10 days after administration of immunogen. Arthus reactions did not correlate with protection.
Resistance of mice to tularemia by BCG vaccination. An experiment was conducted to determine whether resistance to infection with F. tularensis strain Schu in specifically immunized mice could be associated with nonspecific immunity. One hundred twenty mice were inoculated iv with 300 Mg (wet weight) of viable BCG vaccine. After a period of 3 weeks, when nonspecific resistance was at its height (D. Lodmell and C. L. Larson, unpublished data), separate groups of mice were challenged with serial 10-fold dilutions of either strain Schu, F. novicida, or S. typhimurium. The results shown in Table 4 demonstrate that, although immunization with BCG led to enhanced resistance to F. novicida and S. typhimurium, no protection was conferred against infection with F. tularensis. In the F. tularensischallenged groups, both the mortality ratios and average survival times were the same in immunized and unimmunized groups of mice.
A final series of experiments was performed to determine whether immunization with live tularemia vaccine (LVS) induced cross-protection to an antigenically unrelated intracellular parasite. Fourteen days after immunization with 700 viable LVS organisms, groups of immunized and unimmunized control mice were challenged with serial 10-fold increments of strain Schu, S. typhimurium, or S. enteritidis organisms. The results (Table 5 ) demonstrated that protection against more than 105 LD50' doses was obtained in specifically challenged mice, whereas no significant protection (< 1 log) was afforded against infection with S. typhimurium or S. enteritidis. In the latter two groups, LVS-immunized mice survived at best 1 day longer than control mice. Missoula, 1970) .
A correlation between cellular immunity and delayed hypersensitivity has been adequately demonstrated for other facultative intracellular parasites, and the causality of the infectionimmunity relationship has been discussed (18) . The basic thesis is that a state of delayed hypersensitivity produces sensitized lymphocytes and macrophages, and the latter have the capacity to destroy invading bacteria. Cellular immunity considered from this aspect is not an immunologic phenomenon, since once developed, it is effective against many microorganisms. It has been suggested by Mackaness (17) that a possible mediator influencing macrophage function could be a lymphokine, though not necessarily macrophage inhibition factor. While more research is necessary in order to substantiate this suggestion, the mechanism of lymphocyte-macrophage interaction put forth by Mackaness bears serious consideration as a means of explaining nonspecific resistance. It can even be assumed that resistance to most facultative intracellular parasites is entirely nonspecific in nature, a position which has, in fact, been strongly advocated by Mackaness (17) and more recently by Blanden (6) and by Simon and Sheagren (26) .
However, certain features of infection-immunity to intracellular parasites suggest that resistance may have an immunologically specific component. Data from in vivo challenge experiments on cross-protection between bacteria and protozoa (24) and on cross-protection between different species of Salmonella (8) and Mycobacteria (7) indicate that resistance is best against the homologous organisms. As shown in the present study of infection-immunity in tularemia, nonspecific altered cellular states per se (such as those induced by injection of BCG) play virtually no role in resistance. Furthermore, only tularemic infections are affected by immunization with LVS. Thus, in murine tularemia, cell-mediated immunity is clearly specific.
In understanding immunity to tularemia, one must consider both the specificity and the preponderant evidence that resistance ultimatelyresides in the macrophage (13, 20, 28) . Specificantibody with high avidity for macrophages and high serum turnover might explain why only tularemia organisms are affected.
Although not yet demonstrated in mouse tularemia, cytophilic antibody is strongly implicated in resistance in. salmonellosis (23) . Alternatively, committed lymphocytes may, upon stimulation with specificantigens of F. tularensis, secrete a soluble sub--stance which interacts with macrophages, resulting in enhanced bactericidal activity to tularemia bacilli. That some soluble substance secreted by lymphocytes, other than antibody, may fulfill this role is suggested by a recent report of Amos and Lachmann (3). They found that macrophage inhibition factor requires specific antigen not only for its synthesis but also for its inhibitory activity on macrophages. The possibility also exists that resistance to tularemia is not dependent on any specific humoral factor but is related to an inducible enzyme of macrophages which attacks some substrate peculiar to tularemia organisms.
The problem of cell-mediated immunity is a complex one, and appropriate model systems are needed to determine the factors, specific and nonspecific, involved in mechanisms of resistance to intracellular parasites of the RES. While numerous examples are available for studying nonspecific immunity, few examples exist in which the specific factors of cellular resistance can be studied separately. The present study of infectionimmunity in tularemia defines a model system which offers this opportunity.
